1. Introduction {#sec1}
===============

Cancer is the major cause of death worldwide, among which lung cancer is the top killer \[[@B1], [@B2]\]. Lung adenocarcinoma, which belongs to non-small cell lung cancer, is the most common type of lung cancer, accounting for 40% of all lung cancer cases \[[@B3]\]. According to the stage of lung cancer, there are treatments including surgery, radiation therapy, chemotherapy, targeted therapy, and immunotherapy \[[@B4]\]. However, there is no significant improvement in cancer mortality and 5-year relative survival for all cancers in the past 20 years \[[@B5]\]. Therefore, it is critical to discover a new strategy for cancer treatment.

Traditional Chinese medicine, as one of the popular alternative treatments for lung cancer, can enhance physical function, reduce the adverse effects of chemotherapy, and improve long-term survival \[[@B6]\]. Ginseng, the root of *Panax ginseng* C. A. Mey. (Araliaceae), is a precious and common Chinese traditional herb. It was first recorded by Shennong Bencao Jing and has thousands of years of history \[[@B7]\]. Ginseng is generally known as tonic drug for promoting longevity and widely used in China, South Korea, Japan, and other Far East countries \[[@B8]\]. According to pharmacological research, the bioactivities of ginseng, including antiaging activity, antidiabetic activity, immunoregulatory activity, anticancer activity, neuroregulation activity, and wound and ulcer healing activity, mainly stem from ginsenoside, polysaccharide, alkaloids, glucosides, phenolic acid, and other ingredients \[[@B9], [@B10]\]. In recent years, there are some reports about the treatment of lung adenocarcinoma with ginseng monomer compounds such as ginsenoside and polysaccharide \[[@B11], [@B12]\], but there is no systematic and comprehensive study on the related core targets and mechanism of ginseng in the treatment of lung adenocarcinoma.

Network pharmacology, with the characteristics of "network target, multicomponent" mode, provides an effective way to evaluate polypharmacological effects and anticancer molecular mechanisms of drugs \[[@B13]\]. At present, the mechanisms of multicomponent, multitarget, and multipath treatment of lung adenocarcinoma by ginseng are unclear. Therefore, this paper systematically and comprehensively reveals the molecular mechanism of ginseng in the treatment of lung adenocarcinoma based on network pharmacology and carries out A549 cell experiments for preliminary confirmation. Our study confirms that ginseng (with main components including total ginsenoside and ginseng polysaccharide) is a rational and alternative strategy to treat lung adenocarcinoma, and upregulated JUN, IL-1*β*, IL-2, ICAM1, HMOX1, MMP9, and MMP2 targets and downregulated PTGS2 and TNF genes may be predictably important targets related to cell proliferation/apoptosis/migration and poor prognosis of cancer for ginseng treatment of lung adenocarcinoma.

2. Materials and Methods {#sec2}
========================

2.1. Screening Active Compounds {#sec2.1}
-------------------------------

All the compounds of ginseng were obtained from the TCMSP database (Traditional Chinese Medicine Systems Pharmacology, <http://www.ibts.hkbu.eduhk/LSP/tcmsp.php>) \[[@B14]\]. The potential active compounds of ginseng were screened according to Oral Bioavailability (OB) ≥ 0.3 and Drug-Like (DL) Index ≥0.18. In the screening process, we added additional filter criteria, Caco-2 ≥ −0.4 and half-life ≥ 8, to draw a clear direction and focus \[[@B15]\]. By searching the active compounds of ginseng in Chinese Pharmacopoeia (2015) and Chinese Medicine Dictionary, the important active compounds which were preliminarily excluded by TCMSP were added as candidate active compounds.

2.2. Access to Disease Genes and Drug Targets {#sec2.2}
---------------------------------------------

The known genes related to lung adenocarcinoma were acquired from the PubMed database (update time: May 21, 2019, <https://www.ncbi.nlm.nih.gov/gene>). The keywords "lung adenocarcinoma" were used when searching the PubMed database, and only those genes from "*Homo sapiens*" were used as the research targets, analyzed, and discussed in this paper. In the end, 1791 disease genes were obtained.

Meanwhile, the targets of selected active compounds were obtained from TCMSP and Hit databases (Herbal Ingredients\' Targets Database, URL: <http://www.lifecenter.sgst.cn/hit/>) \[[@B16]\]. After combining the two databases and excluding duplicates and nonhuman target proteins, the gene names of the targets were obtained from the UniProt database.

2.3. Construction of Protein-Protein Interaction Network and Screening of Key Targets {#sec2.3}
-------------------------------------------------------------------------------------

Protein-protein interaction network of acquired drug targets were constructed by the STRING database (<https://string-db.org/>). 28 key targets were selected according to the comprehensive analysis of the topological parameters "closeness," "betweenness," and "degree" \[[@B17]\]. Subsequently, 15 core genes were further screened out by the cytoHubba plug-in of Cytoscape \[[@B18]\].

2.4. Construction and Analysis of Biological Network {#sec2.4}
----------------------------------------------------

Since ginseng involves a large number of targets and active compounds, the "compound-target" network of 28 key targets was constructed to explore the relationship between active compounds and targets. Meanwhile, to further clarify the biological function of the 28 key targets in ginseng, a GO enrichment analysis for "compound-target" network was carried out with Cytoscape. In addition, enrichment analyses of KEGG pathway were carried out with KOBAS (<http://kobas.cbi.pku.edu.cn/>)database. GO enrichment analysis of key targets and enrichment analysis of KEGG pathways further explained the potential mechanism for the treatment of lung adenocarcinoma with ginseng.

2.5. Experiment Verification {#sec2.5}
----------------------------

### 2.5.1. Cell Culture {#sec2.5.1}

A549 cells were purchased from ATCC and grown in DMEM medium (HyClone, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco, USA) and 100 U/ml penicillin-streptomycin. All cells were cultured as monolayers and maintained in a cell culture incubator at 37°C and 5% CO~2~. Previous literature research revealed that the main active components of ginseng in the treatment of lung adenocarcinoma were ginsenosides (such as ginsenoside Rh2/Rh3) and polysaccharides \[[@B19]--[@B21]\], with ginsenoside and polysaccharide used as the medicated group and cyclophosphamide used as the positive control group in the cell experiments.

### 2.5.2. Cell Proliferation Assay {#sec2.5.2}

The cells proliferation was detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test, taking ginsenoside, polysaccharide, and cyclophosphamide as the different experimental groups and A549 cells as the blank control group. The cell density was adjusted to 5 × 103 cells/ml. Next, the cells were transferred to 96-well plate and cultured for 24 hours. Subsequently, the culture medium was removed, and 100 *μ*L of the serum-free culture medium containing different concentrations of ginsenoside, polysaccharide, and cyclophosphamide was added. MTT solution (5 mg/mL, Solarbio, China) was placed into every well of the 96-well plate after 24 hours and cultured for 4 hours. The culture medium was removed and 100 *μ*l DMSO (per well) was added. An ELISA meter was used to examine the absorbance of each pore at the wavelength of 630 nm.

### 2.5.3. Cell Migration Assay {#sec2.5.3}

Cell migration assay was performed using the scratch test. In this trial, ginsenoside and polysaccharide were used as the different experimental groups, and A549 cells as the blank control group. A549 cells were seeded on a six‐well plate. When the cells were cultured to 80% confluence, scratches were made using a 10 *μ*l pipette tip. Subsequently, the culture medium was discarded and the cells were washed with PBS. Next, the cells were added to the serum-free culture medium containing the best concentrations of ginsenoside and polysaccharide. Next, the cells were photographed under the microscope after 0, 6, and 24 hours.

### 2.5.4. Immunocytochemistry {#sec2.5.4}

The effect of ginsenoside and polysaccharide on A549 cells apoptosis was detected by immunocytochemistry. In this trial, ginsenoside and polysaccharide were used as the different experimental groups, and A549 cells as the blank control group. The A549 cells were seeded into 24-well plate with a concentration of 1 × 10^5^ and cultured for 24 hours. Subsequently, the serum-free culture medium containing best concentrations of ginsenoside and polysaccharide was added, and then culture continued for 24 hours. The cells were fixed with paraformaldehyde for 20 min at 4°C and washed with PBS. Next, after being incubated with H~2~O~2~ for 10 min at room temperature, the cells were added to anti-rabbit Caspase-9 primary antibody (BOSTER, China) for 60 min at 37°C. Subsequently, the cells were incubated with anti-rabbit secondary antibody (ZsBio, China), after being washed with PBS, and then observed with DAB (ZsBio, China).

### 2.5.5. qRT-PCR for mRNA Expression Levels {#sec2.5.5}

The mRNA expression levels of 15 core targets were detected by qRT-PCR. In this trial, ginsenoside and polysaccharide were used as the different experimental groups, and A549 cells as the blank control group. After being placed into a six‐well plate, the A549 cells were add to culture medium containing best concentrations of ginsenoside and polysaccharide and then cultured for 24 hours. Next, the total RNA, was extracted using the Trizol reagent (TIANGEN, China), whose concentration and purity were detected using NanoDrop One nucleic acid quantizer. According to the manufacturer\'s protocol, the RNA was reverse-transcribed into cDNA using the extracted RNA sample as a template. As shown in [Table 1](#tab1){ref-type="table"}, the primer sequences were designed in the laboratory and synthesized by Sangon Biotech (Sangon, China) based on the mRNA sequences obtained from the NCBI database. Subsequently, qPCR was performed on an ABI 7500 system (Applied Bioscience). mRNA expression was presented as the fold change relative *β*-actin and was determined using the 2^−∆∆*Ct*^ method.

### 2.5.6. Statistical Analysis {#sec2.5.6}

All quantitative data were presented as mean ± standard deviation from at least three independent experiments. Statistical analysis was performed using SPSS version 25.0 (IBM Corp.). Differences between the two groups were determined using Student\'s *t*-test analysis. Comparisons between ≥3 groups were performed using a one-way ANOVA with a post hoc Dunnett\'s test. ^*∗*^*p* \< 0.05 and ^*∗∗*^*p* \< 0.01 were considered to have statistical significance between the treatment group and the control group.

3. Results {#sec3}
==========

3.1. Disease Genes, Drug Targets, and Effective Active Compounds {#sec3.1}
----------------------------------------------------------------

1791 disease targets and 144 drug targets (including 15 core targets, namely, JUN, MAPK8, PTGS2, CASP3, VEGFA, MMP9, AKT1, TNF, FN1, FOS, MMP2, IL-1*β*, IL-2, ICAM1, and HMOX1) were obtained by searching Gene database. According to active compounds corresponding to the targets, ginsenoside Rh2, ginsenoside Rh4_qt, ginsenoside Rf, ginsenoside Rd, ginsenoside Re, panaxydol, stigmasterol, beta-sitosterol, and kaempferol were screened out from ginseng.

3.2. Construction of Compound-Target Network {#sec3.2}
--------------------------------------------

As shown in [Figure 1](#fig1){ref-type="fig"}, the result showed the network relationship of the 28 key targets and the active compounds of ginseng. In this network, the larger the node is, the more compounds the target has. It was found that there are 14 active compounds targeted at PTGS2 in this study. In addition, there are 7 active compounds targeted at CASP3, 6 at TNF, 4 at IL-1*β*, and 3 at MMP9. The rest are lung adenocarcinoma genes except IL-2 and HSP90AA1 in the 28 key targets. According to [Figure 1](#fig1){ref-type="fig"}, JUN, MAPK8, PTGS2, CASP3, VEGFA, MMP9, ICAM1, HMOX1, and so on were the key targets for ginseng treatment of lung adenocarcinoma. Among the targets, VEGFA can promote cell migration and inhibit cell apoptosis. MAPK/ILs/TNF could influence inflammatory response. Interleukin-1 beta (IL-1*β*) drives tumor growth, invasion, and metastasis. MMPs play an important role in tumorigenesis, cancer cell migration, cell growth, and angiogenesis. The functions of these targets are explained in detail in the Discussion section. According to the functions of these targets, ginseng could treat lung adenocarcinoma through cell differentiation, proliferation, apoptosis, migration, and inflammatory response. This is also consistent with the multitarget and multipathway mechanism of traditional Chinese medicine.

3.3. GO Enrichment Analysis {#sec3.3}
---------------------------

The results of the GO enrichment analysis consist of biological processes (BP), cell components (CC), and molecular functions (MF). According to FDR, the top 20 biological processes of the 28 key targets are shown in [Figure 2](#fig2){ref-type="fig"}, including cellular response to organic substance, cytokine-mediated signaling pathway, response to cytokine, and negative regulation of apoptotic process.

3.4. KEGG Pathways Enrichment Analysis {#sec3.4}
--------------------------------------

To further study the biological function of key targets, enrichment analysis of KEGG pathway was carried out for key targets. Meanwhile, the top 20 signaling pathways of key targets, including pathways in cancer, fluid shear stress and atherosclerosis, AGE-RAGE signaling pathway in diabetic complications, IL-17 signaling pathway, and TNF signaling pathway, are shown in [Figure 3](#fig3){ref-type="fig"}.

3.5. Ginsenoside and Polysaccharide Can Inhibit Proliferation and Promote Apoptosis of Lung Adenocarcinoma Cells {#sec3.5}
----------------------------------------------------------------------------------------------------------------

Cell proliferation was detected by MTT test. As shown in [Figure 4(a)](#fig4){ref-type="fig"}, the result showed that different concentrations of ginsenoside, polysaccharide, and cyclophosphamide could inhibit the proliferation of A549 cells (*p* \< 0.05). However, with the increase of drug concentration, the cell viability of polysaccharide group decreased. Therefore, 0.2 mg/ml was selected as the best concentration of polysaccharide in our following experiments. Meanwhile, 0.25 mg/ml ginsenoside and 5 mg/ml cyclophosphamide had obvious influences on proliferation of A549 cells and were considered the best concentrations. In addition, considering that the decrease in cell proliferation was likely to be associated with apoptosis, the expression of apoptosis factor (Caspase-9) was detected by immunocytochemistry. As shown in [Figure 4(b)](#fig4){ref-type="fig"}, the expression of Caspase-9 in ginsenoside and polysaccharide group is more obvious compared with the control group. In conclusion, the above results reveal that ginsenoside and polysaccharide inhibit the proliferation of lung adenocarcinoma cells and promote apoptosis by affecting the expression of Caspase-9.

3.6. Ginsenoside Can Inhibit the Migration of Lung Adenocarcinoma Cells {#sec3.6}
-----------------------------------------------------------------------

The effect of ginsenoside and polysaccharide on cell migration was assessed using the scratch test. As shown in [Figure 5](#fig5){ref-type="fig"}, the result showed that migration rate of A549 cells decreased in the ginsenoside group compared with the control group over time. However, the migration rate of A549 cells had no obvious change in the polysaccharide group. In conclusion, these results indicate that ginsenosides could inhibit migration of lung adenocarcinoma cells.

3.7. Validating the Core Targets of Ginsenoside and Polysaccharide {#sec3.7}
------------------------------------------------------------------

To determine whether the core targets play important roles in ginsenoside and polysaccharide treatment of lung adenocarcinoma, the mRNA expression levels of 15 core targets were detected by qRT-PCR from the blank control group, ginsenoside group, and polysaccharide group. As shown in [Figure 6](#fig6){ref-type="fig"}, the mRNA expression levels of JUN, IL-1*β*, IL-2, HMOX1, PTGS2, ICAM1, MMP9, and MMP2 were significantly different between the blank control group and ginsenoside group (*p* \< 0.05). Meanwhile, JUN, PTGS2, IL-1*β*, IL-2, TNF, and ICAM1 had significant difference in polysaccharide group compared with the control group (*p* \< 0.05). Furthermore, JUN, IL-1*β*, IL-2, ICAM1, HMOX1, MMP9, and MMP2 were overexpressed, while PTGS2 and TNF were underexpressed. In conclusion, the results suggested that the above core targets could play important roles in ginsenoside and polysaccharide treatment of lung adenocarcinoma.

4. Discussion {#sec4}
=============

Ginseng, as an ancient precious herbal medicine containing a variety of effective ingredients, is widely used in the treatment of various diseases, having antitumor effect \[[@B22]\]. A comprehensive description of the therapeutic effect of ginseng in traditional Chinese Medicine is available in the Shen Nong\'s Herbal Classic, which still has guiding significance for modern research. According to the literature, ginseng can nourish the five internal organs, tranquilize the nerves, stabilize the spirit, stop palpitation with fear, exorcise pathogenic factors, brighten eyes, delight, improve intelligence, and take a long time to be healthy and macrobiotic. Furthermore, ginseng enters the lung, spleen, and heart meridians, which are related to the treatment of lung adenocarcinoma. Studies have indicated that the components of ginseng play an important role against lung adenocarcinoma \[[@B19], [@B23]\].

In this study, the targets of disease and drug were obtained from Gene database. 28 key targets were selected by topological analysis. According to compound-target network of the 28 key targets ([Figure 1](#fig1){ref-type="fig"}), ginseng, including multiple active compounds such as ginsenoside and polysaccharide, might treat lung adenocarcinoma through cell differentiation, proliferation, apoptosis, migration, and inflammatory response. In the experiments, the results of MTT test, scratch test, and immunocytochemistry confirmed that ginseng could treat lung adenocarcinoma through proliferation, apoptosis, and migration (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). To explore these 28 key targets holistically, enrichment analysis of key target genes was conducted. The results of GO and KEGG pathways enrichment analysis showed that these targets are mainly associated with signal-related pathways, such as pathways in cancer, fluid shear stress and atherosclerosis, AGE-RAGE signaling pathway in diabetic complications, IL-17 signaling pathway, and TNF signaling pathway (Figures [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}). Moreover, 15 core genes, namely, JUN, MAPK8, PTGS2, CASP3, VEGFA, MMP9, AKT1, TNF, FN1, FOS, MMP2, IL-1b, IL-2, ICAM1, and HMOX1, were screened out through cytoHubba plug-in of Cytoscape based on 28 key genes. These core targets might play important roles in ginseng treatment of lung adenocarcinoma. To determine the role of 15 core targets in the treatment of lung adenocarcinoma by ginseng, qRT-PCR was performed to detect the mRNA expression levels of the 15 core targets from A549 cells in the control group, ginsenoside group, and polysaccharide. The results showed the mRNA expression levels of JUN, IL-1*β*, IL-2, ICAM1, HMOX1, MMP9, MMP2, PTGS2, and TNF had significant difference in control group, ginsenoside group, and polysaccharide group, which suggested that ginsenoside and polysaccharide might have therapeutic potential for the treatment of lung adenocarcinoma by targeting the above-mentioned core genes ([Figure 6](#fig6){ref-type="fig"}).

Among these core targets, c-Jun is a major part of AP-1 transcription factors consisting of homodimers and heterodimers of the JUN, FOS, and ATF gene family members, and it is often overexpressed in NSCLC. Kikuchi et al. \[[@B24]\] found that AP-1 and PI3K/Akt pathways play an important role in the growth of some NSCLC cells through experiments. Interleukin-1 beta (IL-1*β*), a potent driver of tumor progression, is highly expressed in metastatic NSCLC tumors and drives tumor growth, invasion, and metastasis \[[@B25], [@B26]\]. Petrella et al. \[[@B27]\] explored the effects of IL-1*β* on NSCLC cell line A549 and found IL-1*β* to be potential therapeutic target for NSCLC tumors. Interleukin-2 (IL-2), a cytokine signaling molecule necessary for the differentiation, growth, and proliferation of T-lymphocytes, has been shown to improve the survival rate of patients with NSCLC \[[@B28], [@B29]\]. It has been proved that the imbalance of the IL-2/IL-2 receptor system in advanced NSCLC represents a marker of disease with potential prognostic value \[[@B30]\]. In addition, it has been proved that IL-2 activation plays an essential role in the restoration of the immunocompetence of lymphocytes against lung cancer \[[@B31]\]. Intercellular adhesion molecule-1 (ICAM-1), a member of the immunoglobulin gene superfamily, is a single chain surface membrane glycoprotein expressed in a variety of cells \[[@B32]\]. It has been proved that soluble ICAM-1 (sICAM-1) facilitates the growth of tumor cell and allows the tumor cell to bypass immune recognition through combining circulating lymphocytes \[[@B33]\]. Several studies found that increased sICAM-1 level is related to high tumor burden and advanced disease in NSCLC \[[@B34]\]. Heme oxygenase-1 (HMXO-1), an antioxidant protein, has been shown to protect cells against oxidative stress. Ma \[[@B35]\] explored the role of HMXO-1 activation in NTP-induced apoptosis in A549 cells and found HMXO-1 to be a potential target for NTP cancer treatment. In addition, Cao \[[@B36]\] found that knockdown of HMOX1 inhibits the proliferation, invasion, and migration of A549 cells by impeding autophagy. Some studies have indicated that TNF-*α* plays an essential role in connecting the molecules associated with inflammation and cancer. Furthermore, clinical studies have shown that the expression level of TNF-*α* in serum samples acquired from patients with NSCLC increased with the stage of cancer \[[@B37], [@B38]\]. MMPs play an important role in tumorigenesis, cancer cell migration, cell growth, and angiogenesis \[[@B39]\]. MMP2 has a role in regulating the migration and invasion of NSCLC \[[@B40]\]. COX-2, encoded by the PTGS2 gene, a type of induction enzyme, is only produced by stimulation from associated cytokines, tumor genes, and tumor inducers \[[@B41]\]. It has been proved that COX-2 inhibitors have good antitumor effects \[[@B42]\].

5. Conclusions {#sec5}
==============

Traditional Chinese medicine is one of the most important types of complementary and alternative medicine and contributes greatly to cancer-related disease therapy. This study proposed and applied a network pharmacology-based analysis to suggest that ginseng can be used in the treatment of lung adenocarcinoma by regulating candidate targets. Through experimental studies, we further revealed the therapeutic effects of ginseng on lung adenocarcinoma, such as suppressing A549 cell proliferation and migration and promoting apoptosis. Meanwhile, according to the results of qRT-PCR, it is speculated that ginseng can treat lung adenocarcinoma by up-regulated JUN, IL-1*β*, IL-2, ICAM1, HMOX1, MMP9, and MMP2 targets and down-regulated PTGS2 and TNF genes. Further research is in progress.

The results of this study are helpful for us to understand the molecular mechanism and have reference value for the clinical application of ginseng in the treatment of lung adenocarcinoma. Considering the clinical status of lung adenocarcinoma treatment, new therapeutic agents are urgently needed, and ginseng deserves further assessment.
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![Network relationship of key targets and active compounds of ginseng. Green represents the active compounds of ginseng, red represents lung adenocarcinoma genes, and yellow represents non-lung adenocarcinoma genes.](ECAM2020-2658795.001){#fig1}

![The functional analysis for identified compounds-related targets. The docking targets-related GO terms.](ECAM2020-2658795.002){#fig2}

![Functional analysis for identified compounds-related targets. The docking targets-related KEGG pathways distribution.](ECAM2020-2658795.003){#fig3}

![The effect of ginseng on the proliferation and apoptosis of lung adenocarcinoma. (a) MTT test result (control group, cyclophosphamide group, ginsenoside group, polysaccharide group) (^*∗*^*p* \< 0.05, ^*∗∗*^*p* \< 0.01). (b) Immunocytochemistry result of apoptosis factor (10×, 20×, 40×).](ECAM2020-2658795.004){#fig4}

![The effect of ginseng on the migration of lung adenocarcinoma cells (0 h, 6 h, 24 h).](ECAM2020-2658795.005){#fig5}

![The mRNA expression levels of 15 core targets. Compared with the control group, the expression levels of JUN, IL-1*β*, IL-2, ICAM1, HMOX1, MMP9, MMP2, PTGS2, and TNF mRNA in the administration group have significant difference in the treatment group (^*∗*^*p* \< 0.05, ^*∗∗*^*p* \< 0.01).](ECAM2020-2658795.006){#fig6}

###### 

The mRNA sequences of the 15 core targets obtained from the NCBI database.

  Gene name   Forward primer (5′-3′)   Reverse primer (5′-3′)
  ----------- ------------------------ ------------------------
  MAPK8       TGAAGCAGAAGCTCCACCAC     CAGCCCTCTCCTTTAGGTGC
  JUN         CAAACCTCAGCAACTTCAACC    CTGGGACTCCATGTCGATG
  PTGS2       TGTCAAAACCGAGGTGTATGTA   AACGTTCCAAAATCCCTTGAAG
  CASP3       CCAAAGATCATACATGGAAGCG   CTGAATGTTTCCCTGAGGTTTG
  VEGFA       ATCGAGTACATCTTCAAGCCAT   GTGAGGTTTGATCCGCATAATC
  MMP9        CAGTACCGAGAGAAAGCCTATT   CAGGATGTCATAGGTCACGTAG
  AKT1        TGACCATGAACGAGTTTGAGTA   GAGGATCTTCATGGCGTAGTAG
  TNF         CGTGGAGCTGGCCGAGGAG      GCAGGCAGAAGAGCGTGGTG
  FOS         CTTCCCAGAAGAGATGTCTGTG   TGGGAACAGGAAGTCATCAAAG
  IL-1*β*     GCCAGTGAAATGATGGCTTATT   AGGAGCACTTCATCTGTTTAGG
  IL-2        CACCAGGATGCTCACATTTAAG   CTCCAGAGGTTTGAGTTCTTCT
  ICAM1       TGCAAGAAGATAGCCAACCAAT   GTACACGGTGAGGAAGGTTTTA
  HMOX1       CCTCCCTGTACCACATCTATGT   GCTCTTCTGGGAAGTAGACAG
  FN1         AATAGATGCAACGATCAGGACA   GCAGGTTTCCTCGATTATCCTT
  MMP2        ATTGTATTTGATGGCATCGCTC   ATTCATTCCCTGCAAAGAACAC
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